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(54) DISPLAY PANEL, AND ELECTROMAGNETIC SHIELDING LIGHT TRANSMITTING WINDOW
MATERIAL MANUFACTURING METHOD

(57) A display panel such as a plasma display panel
is provided in which an electromagnetic-wave shielding
material is integrated whereby electromagnetic-wave
shielding efficiency is imparted to a display panel itself.
A transparent film 2 having a conductive pattern 3 is
bonded to a front surface of a plasma display panel 20
by transparent adhesives 4A. The conductive pattern 3
is in a mesh form having a line width of 50µm or less
and an open area ratio of 75 % or more and is formed
by vapor plating or liquid phase plating. To form a con-
ductive pattern, dots 12 are printed on a transparent film

11 by using material which is soluble in solvent such as
water. Then, a conductive material layer 13 is formed so
as to cover over all the dots 12 and exposed portions of
the transparent film 11. The film 11 is cleaned by the
solvent such as water. By the cleaning process, the sol-
uble dots 12 are dissolved and the conductive material
on the dots 13 are also removed from the film 11. Ac-
cordingly, conductive material formed on the exposed
portions are left uncovered by the dots so as to form a
conductive pattern 14. In this manner, the conductive
pattern 14 plated on areas of the film 11 other than the
dots 12 is formed.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a display pan-
el such as plasma display panel (hereinafter, referred to
as "PDP"). The present invention further relates to a
method of manufacturing an electromagnetic-wave
shielding and light transmitting plate to be used as a
front filter for a PDP, and windows of building which need
electromagnetic wave shielding, such as a hospital.

RELATED BACKGROUND ART

[0002] PDPs (plasma display panels) utilizing dis-
charge phenomenon have been researched and devel-
oped as display panels for television sets, office auto-
mation apparatuses such as personal computers and
word processors, traffic control signs, signboards, and
other display boards.
[0003] A PDP includes two glass plates, a large
number of discharge cells formed by partitions between
the two glass plates, and fluorescent substances within
the respective discharge cells. The fluorescent sub-
stances are selectively excited to emit light by dis-
charge, thereby displaying characters and/or figures. As
shown in Fig. 3, such a PDP comprises a front glass 21,
a rear glass 22, partitions 23, display cells (discharge
cells) 24, auxiliary cells 25, cathodes 26, display anodes
27, and auxiliary anodes 28. Disposed in each display
cell 24 is a red, green, or blue fluorescent substance
(not shown) which is a film-like form attached to the in-
side thereof. These fluorescent substances emit light by
electrical discharges when a voltage is applied between
electrodes.
[0004] From the front surface of the PDP, electromag-
netic waves with frequency from several kHz to several
GHz are generated due to applying voltage, electrical
discharge, and light emission. The electromagnetic
waves are required to be shielded. In addition, for im-
proving its display contrast, reflection of external light at
the front surface is required to be prevented.
[0005] In order to shield such electromagnetic waves
from PDP, a transparent plate which has electromagnet-
ic-wave shielding property is disposed in front of the
PDP.
[0006] As an electromagnetic-wave shielding materi-
al for an electromagnetic-wave shielding and light trans-
mitting plate, a conductive mesh member is employed
which is a 5- to 500-mesh member having a line width
from 10 to 500 µm and an open area ratio (open area
percentage) less than 75 %.
[0007] The electromagnetic-wave shielding plate
having such a conductive mesh member with low open
area ratio as mentioned above has light transmitting
property of 70 % at the most. Moreover, conventional
conductive mesh members easily allow the production
of moire patterns due to relations between its patterns

and pixel pitch.
[0008] JP H11-204045A discloses a display panel
comprising a plasma display panel and a transparent
substrate bonded to a front of the plasma display panel
by transparent adhesives. The display panel has a con-
ductive layer on a bonding surface of the transparent
substrate which is made of conductive ink or paste by
pattern printing and formed in a lattice with a line width
of 200 µm or less and an open area ratio of 75 % or more.
[0009] In the display panel, the PDP and the transpar-
ent substrate formed with the conductive layer are inte-
grated together by transparent adhesives as mentioned,
thereby lightening its weight, making it's thickness thin-
ner, reducing the number of parts, and thus improving
the productivity and reducing the cost.
[0010] The pattern printing enables the formation of a
conductive layer into a lattice having high open area ra-
tio while having narrow line width, that is, a line width of
200 µm or less and an open area ratio of 75% or more.
Such a conductive layer having high open area ratio and
narrow line width has excellent light transmission prop-
erties and can prevent the moire phenomenon.
[0011] It should be noted that the term "open area ra-
tio" is calculated from the line width of the mesh and the
number of lines existing in one-inch width.
[0012] Employed as the conductive ink mentioned
above is binder resin (ink medium) in which conductive
particles are dispersed. The conductive ink needs to
have high viscosity to keep the dispersed state of con-
ductive particles in the conductive ink. Therefore, it is
impossible to make the line width of the printed pattern
of the conductive ink significantly narrow and also im-
possible to make the open area ratio significantly high.

SUMMARY OF THE INVENTION

[0013] It is an object of the present invention to pro-
vide a display panel in which an electromagnetic-wave
shielding material formed with a conductive pattern is
disposed on and integrated with the front surface of the
display panel, wherein the conductive pattern is in a
mesh-like form having an enough small line width and
significantly high open area ratio.
[0014] It is another object of the present invention to
provide a method of manufacturing an electromagnetic-
wave shielding and light transmitting plate formed with
a mesh-shaped conductive pattern having an enough
small line width and significantly high open area ratio.
[0015] A display panel of the present invention com-
prises: a display panel body, a transparent film disposed
on a front surface of the display panel body, and a con-
ductive pattern formed on the transparent film. The con-
ductive pattern is a mesh-like pattern composed of a va-
por plated layer or a liquid phase plated layer.
[0016] The display panel can achieve improvement of
the productivity and reduction in the cost because the
display panel comprises the display panel body and the
transparent film formed with a conductive pattern, there-
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by lightening its weight, making its thickness thinner, re-
ducing the number of parts.
[0017] The conductive pattern is manufactured ac-
cording to the method of manufacturing an electromag-
netic-wave shielding and light transmitting plate of the
present invention, comprising a step of forming dots of
material which is soluble in solvent on a film surface, a
step of forming a conductive material layer which is in-
soluble in the solvent on the film surface by a vapor plat-
ing or a liquid phase plating, and a step of removing the
dots and portions of the conductive material layer on the
dots by bringing the film surface in contact with the sol-
vent.
[0018] According to this manufacturing method, the
material which is soluble in the solvent has no conduc-
tive particles dispersed therein. Therefore, the dots can
be printed or formed by using the material having low
viscosity. Therefore, fine and precision printing can be
achieved in such a manner as to form significantly nar-
row spaces defined by the dots. Since the narrow spac-
es between the dots are areas on which conductive ma-
terial is left to form a mesh-like conductive pattern, the
conductive pattern having significantly fine line width
can be formed with high accuracy. By reducing the line
width, the open area ratio of the mesh can be greater.
[0019] According to the present invention, it is prefer-
able that the conductive pattern is a conductive mesh
pattern having a line width of 50 µ m or less and an open
area ratio of 75 % or more. The conductive pattern hav-
ing narrower line width and greater open area ratio can
exhibit excellent light transmission properties and pre-
vent the moire phenomenon.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

Fig. 1 is a schematic sectional view showing an em-
bodiment of a display panel according to the
present invention;
Fig. 2 is an views explaining a method of manufac-
turing an electromagnetic-wave shielding and light
transmitting plate; and
Fig. 3 is a partially cutaway perspective view show-
ing an example of the structure of a PDP.

Detailed description of the preferred embodiments

[0021] Fig. 1 is a schematic sectional view showing
an embodiment of a display panel of the present inven-
tion. Though the panel shown in Fig. 1 is a preferred
embodiment of the present invention, the present inven-
tion is not limited to this embodiment.
[0022] The display panel 1 comprises a transparent
film 2 having an antireflection film 6 disposed on its front
surface and a conductive pattern 3 disposed on its rear
surface, a transparent conductive film 5, and a PDP 20
wherein they are bonded together so as to have an as-

sembled body. The PDP 20 may be the one shown in
Fig. 3 and may be any of PDPs regardless of structure.
The rear surface of the transparent film 2 and the trans-
parent conductive film 5 are bonded to each other via
an intermediate adhesive layer 4A and the transparent
conductive film 5 and the PDP 20 are bonded to each
other via an intermediate adhesive layer 4B.
[0023] Description will now be made as regard to the
structure of a film with a conductive pattern and a meth-
od of manufacturing the same with reference to Fig. 2.
Fig. 2 is a sectional view showing an example of the
method of manufacturing a film with a conductive pat-
tern according to the method of manufacturing an elec-
tromagnetic-wave shielding and light transmitting plate
of the present invention. First, as shown in i), ii), dots 12
are printed on a transparent film 11 by using material
which is soluble in solvent such as water. Then, as
shown in iii), a conductive material layer 13 is formed so
as to cover over all the dots 12 and exposed portions,
not covered by the dots 12, of the transparent film 11.
The film 11 is cleaned by the solvent such as water. Dur-
ing this cleaning process, if necessary, a dissolving pro-
motion means such as ultrasonic irradiation and rubbing
with a brush or sponge may be additionally employed.
[0024] By the cleaning process, as shown in iv), the
soluble dots 12 are dissolved and the conductive mate-
rial on the dots 12 are also removed from the film 11.
Accordingly, conductive material formed on the exposed
portions are left on the film 11 without being covered by
the dots so as to form a conductive pattern 14. The con-
ductive pattern 14 is disposed between the dots 12 and
is thus formed in a mesh shape as a whole.
[0025] By making the space between the respective
pair of dots 12 narrower, the conductive mesh pattern
14 having a narrow line width is formed. By making the
area of the respective dot 12 larger, the conductive
mesh pattern 14 having a large open area ratio is
formed. Printing material or ink employed as the mate-
rial for forming the dots 12 which is soluble in the solvent
such as water as mentioned above does not require par-
ticles to be dispersed therein. Therefore, ink having low
viscosity can be employed. By employing such ink hav-
ing low viscosity, the dots can be printed in such a man-
ner as to form a fine dot pattern.
[0026] After the step shown in iv), the film 11 is rinsed,
if necessary, and dried. In this way, the electromagnetic-
wave shielding and light transmitting plate is manufac-
tured.
[0027] Now, suitable examples of the above respec-
tive materials will be described.
[0028] Examples of material of the transparent film 11
include polyester, polyethylene terephthalate (PET),
polybutylene terephthalate, polymethyl methacrylate
(PMMA), acrylic board, polycarbonate (PC), polysty-
rene, triacetate film, polyvinyl alcohol, polyvinyl chlo-
ride, polyvinylidene chloride, polyethylene, ethylene-vi-
nyl acetate copolymer, polyvinylbutyral, metal ionic
cross-linked ethylene-methacrylic acid copolymer, poly-
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urethane, and cellophane. Among these examples,
PET, PC, and PMMA are preferable.
[0029] The thickness of the transparent film is normal-
ly in a range from 1µm to 5 mm. However, the thickness
may be suitably determined in accordance with the ap-
plication of the plate regardless of this range.
[0030] The dots formed on the film 11 are preferably
formed by printing. As the printing ink, the solution of
the material which is solvable in the solvent for removing
the dots is employed. As the solvent for removing the
dots, organic solvent may be employed. Preferable sol-
vent is water. The water may not contain any agent and
may be solution of something, such as acid solution, al-
kaline solution, or solution of surface active agent. For
facilitating the checking of printing condition, the ink may
further include coloring agent such as dye and pigment.
[0031] When the solvent is water, the material of form-
ing the dots is preferably water-soluble and high molec-
ular material such as polyvinyl alcohol.
[0032] The dots 12 are printed in such a manner that
a mesh pattern is formed by exposed area around the
dots of the film. It is preferable that the dots 12 are print-
ed such that the line width of the exposed area is 50µm
or less. The printing method may be gravure printing,
screen printing, ink jet printing, or electrostatic printing.
Among these printing methods, the gravure printing is
suitable for achieving fine line width.
[0033] The configuration of the dots may be arbitrarily
selected and thus may be circle, ellipse, or rectangle.
Among these configurations, rectangle, particularly
square, is preferable.
[0034] The thickness of the dot formed by printing is
not particularly limited, but normally in a range from 0.1
to 5µm.
[0035] After printing the dots on the film, the film is
preferably dried and then conductive material layer 13
is formed. Suitably employed as the conductive material
is metal such as aluminium, nickel, indium, chromium,
gold, vanadium, tin, cadmium, silver, platinum, copper,
titanium, cobalt, or lead, alloy thereof, or conductive ox-
ide such as ITO.
[0036] It is not preferable that the conductive material
layer 13 is too thin because it leads to poor electromag-
netic-wave shielding property. It is also not preferable
that the conductive material layer 13 is too thick because
it affects the thickness of the resultant electromagnetic-
wave shielding and light transmitting plate and narrows
the angle of visibility. Therefore, the thickness of the
conductive material 13 is preferably in a range from 0.5
to 100 µm.
[0037] Examples as the method of forming the con-
ductive material layer 13 include vapor plating such as
sputtering, ion plating, vacuum evaporation, and chem-
ical vapor deposition, liquid phase plating such as elec-
tro plating and electroless plating, printing, and apply-
ing. Among these methods, the vapor plating in the
broad sense including sputtering, ion plating, vacuum
evaporation, and chemical vapor deposition, and the liq-

uid phase plating are suitable.
[0038] After the conductive material layer 13 is
formed, as mentioned above, the dots 12 are removed
by solvent or, preferably, water and, if necessary, the
film is dried, thereby manufacturing the electromagnet-
ic-wave shielding and light transmitting plate.
[0039] Hereinafter, an example of the method of man-
ufacturing the electromagnetic-wave shielding and light
transmitting plate will be described.
[0040] A 20% aqueous solution of polyvinyl alcohol is
deposited to print dots on a polyethylene film of 500 µm
in thickness. Each dot is formed in a square: 234 µm 3

234 µm. Distance between each pair of dots is 20 µm.
The dots are arranged in a square lattice. The thickness
of printed dots is about 5 µ m after dried.
[0041] Aluminium is deposited on the dots and ex-
posed portions of the film to have an average thickness
of 10µm by vacuum evaporation. Then, they are im-
mersed in cold water and rubbed by a sponge so as to
dissolve and remove the dots. After that, they are rinsed
by water and then dried, thereby manufacturing the
electromagnetic-wave shielding and light transmitting
plate.
[0042] The conductive layer formed on the surface of
the film is arranged in a square lattice exactly corre-
sponding to the negative pattern of the dots, wherein the
line width is 20µm and the open area ratio is 77%. The
average thickness of the conductive layer (aluminium
layer) is 10µm.
[0043] As shown in Fig. 1, an antireflection film 6 is
formed on the front surface of the transparent film 2. As
the antireflection film 6, an example of a single film is
the following (a), and examples of a laminated film of
high-refractive transparent film(s) and low-refractive
transparent film(s) are the following (b)-(e):

(a) a film consisting of a lower-refractive transparent
film than the transparent substrate;
(b) a laminated film consisting of a high-refractive
transparent film and a low-refractive transparent
film, i.e. two films in amount;
(c) a laminated film consisting of two high-refractive
transparent films and two low-refractive transparent
films which are alternately laminated, i.e. four films
in amount;
(d) a laminated film consisting of a medium-refrac-
tive transparent film, a high-refractive transparent
film, and a low-refractive transparent film in this or-
der, i.e. three films in amount; and
(e) a laminated film consisting of three high-refrac-
tive transparent films and three low-refractive trans-
parent films which are alternately laminated, i.e. six
films in amount.

[0044] As the high-refractive transparent film, a thin
film, preferably a transparent conductive thin film, hav-
ing a refractive index of 1.8 or more can be made of ITO
(tin indium oxide), ZnO, ZnO in which Al is doped, TiO2,
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SnO2 or ZrO. On the other hand, as the low-refractive
transparent film, a film can be made of low-refractive
material having a refractive index of 1.6 or less such as
SiO2, MgF2, or Al2O3. The thickness of the films is
changed according to the film structure, the film kind,
and the central wavelength because the refractive index
in a visible-light area is reduced by interference of light.
In case of four-layer structure, the antireflection film is
formed in such a manner that, in order from the trans-
parent substrate, the first layer (high-refractive transpar-
ent film) is from 5 to 50 nm, the second layer (low-re-
fractive transparent film) is from 5 to 50 nm, the third
layer (high-refractive transparent film) is from 50 to 100
nm, and the fourth layer (low-refractive transparent film)
is from 50 to 150 nm in thickness.
[0045] An antifouling film may be further formed on
the antireflection film 6 to improve the fouling resistance
of the surface. The antifouling film is preferably a fluorine
or silicone thin film having a thickness in a range from
1 to 1000 nm.
[0046] The front surface of the transparent film 2 may
be further processed by hard coating with silicone ma-
terial and/or anti-glare finish by hard coating including
light-scattering agent.
[0047] Since the open area ratio of the conductive pat-
tern 3 is increased to improve the light transmission
properties in this embodiment, another transparent con-
ductive film 5 is interposed between the transparent film
2 and the PDP 20 to compensate for lack of electromag-
netic-wave shielding property by the conductive pattern
3.
[0048] Employed as the transparent conductive film 5
may be a resin film in which conductive particles are dis-
persed or a base film formed with a transparent conduc-
tive layer.
[0049] The conductive particles to be dispersed in the
film may be any particles having conductivity and the
following are examples of such conductive particles:

(i) carbon particles or powder;
(ii) particles or powder of metal such as nickel, in-
dium, chromium, gold, vanadium, tin, cadmium, sil-
ver, platinum, aluminum, copper, titanium, cobalt, or
lead, alloy thereof, or conductive oxide thereof; and
(iii) particles made of plastic such as polystyrene
and polyethylene, which are surfaced with coating
layer of a conductive material from the above (i) and
(ii).

[0050] Because the conductive particles of large par-
ticle diameter affect the light transmission properties
and the thickness of the transparent conductive film 5,
it is preferable that the particle diameter is 0.5 mm or
less. The preferable particle diameter of the conductive
particles is between 0.01 and 0.5 mm.
[0051] The high mixing ratio of the conductive parti-
cles in the transparent conductive film 5 spoils the light
transmission properties, while the low mixing ratio

makes poor electromagnetic-wave shielding capability.
The mixing ratio of the conductive particles is therefore
preferably between 0.1 and 50% by weight, particularly
between 0.1 and 20% by weight and more particularly
between 0.5 and 20% by weight, relative to the resin of
the transparent conductive film 5.
[0052] The color and the luster of the conductive par-
ticles can be suitably selected according to the applica-
tion. In case of a filter for a display panel, conductive
particles having a dark color such as black or brown and
dull surfaces are preferable. In this case, the conductive
particles can suitably adjust the light transmittance of
the filter so as to make the display easy-to-see.
[0053] The transparent conductive layer on the base
film can be made of tin indium oxide, zinc aluminum ox-
ide, or the like by one of methods including vapor dep-
osition, sputtering, ion plating, and CVD. In this case,
when the thickness of the transparent conductive layer
is 0.01 µm or less, sufficient electromagnetic-wave
shielding efficiency can not be obtained, because the
thickness of the conductive layer for the electromagnet-
ic-wave shielding is too thin, while when exceeding 5µm,
light transmission properties may be spoiled.
[0054] Examples of matrix resins of the transparent
conductive film 5 or resins of the base film include pol-
yester, polyethylene terephthalate (PET), polybutylene
terephthalate, polymethyl methacrylate (PMMA), acrylic
board, polycarbonate (PC), polystyrene, triacetate film,
polyvinyl alcohol, polyvinyl chloride, polyvinylidene
chloride, polyethylene, ethylene-vinyl acetate copoly-
mer, polyvinylbutyral, metal ionic cross-linked ethylene-
methacrylic acid copolymer, polyurethane, and cello-
phane. Preferably selected from the above are PET, PC,
and PMMA.
[0055] The thickness of the transparent conductive
film 5 is usually in a range of 1 µm-5 mm.
[0056] As shown in Fig. 1, the transparent conductive
film 5 and the conductive pattern 3 are both employed,
thereby obtaining excellent electromagnetic-wave
shielding property.
[0057] According to the present invention, a heat-ray
blocking film may be interposed between the transpar-
ent film 2 and the PDP 20. As the heat-ray blocking film,
a film comprising a base film on which a heat-ray block-
ing coating of zinc oxide or silver thin film is applied can
be employed. In this case, the base film is preferably
made of PET, PC, or PMMA. The thickness of the film
is preferably set in a range from 10µm to 20 mm to pre-
vent the thickness of the resultant display panel from
being too thick and to ensure its easy handling and its
durability. The thickness of the heat-ray blocking coat-
ing, which is formed on this base film, is usually in a
range from 500 Å to 5000 Å.
[0058] Examples of adhesive resins for bonding the
transparent film 2 formed with the conductive pattern 3,
the transparent conductive film 5, and PDP 20 include
copolymers of ethylene group, such as ethylene-vinyl
acetate copolymer, ethylene-methyl acrylate copoly-
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mer, ethylene-(meth) acrylic acid copolymer, ethylene-
ethyl (meth) acrylic acid copolymer, ethylene-methyl
(meth) acrylic acid copolymer, metal ionic cross-linked
ethylene-(meth) acrylic acid copolymer, partial saponi-
fied ethylene-vinyl acetate copolymer, calboxylated eth-
ylene-vinyl acetate copolymer, ethylene-(meth) acrylic-
maleic anhydride copolymer, and ethylene-vinyl ace-
tate-(meth) acrylate copolymer. It should be noted that
"(meth) acrylic" means "acrylic or methacrylic". Besides
the above resins, polyvinyl butyral (PVB) resin, epoxy
resin, acrylic resin, phenol resin, silicone resin, polyes-
ter resin, or urethane resin may also be employed.
[0059] The PDP and the transparent film may be
bonded together by transparent and elastic adhesives,
in preparation for damage of the PDP. As the resin of
the transparent elastic adhesive, resins usually used as
adhesives for laminated glasses may be employed and
ethylene-vinyl acetate copolymer (EVA) is preferably
employed. In terms of the impact resistance, the perfo-
ration resistance, the adhesive property, and the trans-
parency, PVB resin often used for laminated glasses for
automobile is also preferable.
[0060] As EVA, EVA including vinyl acetate in an
amount of 5-50% by weight, preferably 15-40% by
weight, is employed. Less than 5% by weight of vinyl
acetate interferes with the weatherability and the trans-
parency, while exceeding 40% by weight of vinyl acetate
significantly reduces mechanical characteristics, makes
the film forming difficult, and produces a possibility of
blocking between films.
[0061] As the crosslinking agent, in case of
crosslinked by heating, organic peroxide is preferable.
The organic peroxide is selected according to the tem-
perature for sheet process, the temperature for
crosslinking, and the storage stability. Examples of
available peroxide include 2,5-dimethylhexane-2,5-di-
hydro peroxide; 2,5-dimethyl-2,5-di(t-butyl-peroxy)-
hexane-3; di-t-butyl peroxide; t-butylcumyl peroxide;
2,5-dimethyl-2,5-di(t-butyl-peroxy)-hexane; dicumyl
peroxide; α, α'-bis(t-butyl peroxy isopropyl)-benzene; n-
butyl-4,4-bis(t-butyl-peroxy)-valerate; 2,2-bis(t-butyl-
peroxy)-butane; 1,1-bis(t-butyl-peroxy)-cyclohexane;
1,1-bis(t-butyl-peroxy)-3,3,5-trimethylcyclohexane; t-
butyl peroxy benzoate; benzoyl peroxide; tert-butyl per-
oxy acetate; 2,5-dimethyl-2,5-bis(tert-butyl-peroxy)-
hexyne-3; 1,1-bis(tert-butyl-peroxy)-3,3,5-trimethylcy-
clohexane; 1,1-bis(tert-butyl-peroxy)-cyclohexane; me-
thyl ethyl ketone peroxide; 2,5-dimethylhexyl-2,5-bis-
peroxy-benzoate; tert-butyl-hydroperoxide; p-men-
thane hydroperoxide; p-chlorobenzoyl peroxide; tert-
butyl peroxyisobutyrate; hydroxyheptyl peroxide; and
chlorohexanone peroxide. These are used alone or in
mixed state, normally 5 parts by weight or less, prefer-
ably from 0.5 to 5.0 parts by weight per 100 parts by
weight of EVA.
[0062] The organic peroxide is normally mixed to the
EVA by an extruder or a roll mill or may be added to the
EVA film by means of impregnation by dissolving the

peroxide into organic solvent, plasticizer, or vinyl mon-
omer.
[0063] In order to improve the properties of the EVA,
such as mechanical strength, optical property, adhesive
property, weatherability, blushing resistance, and
crosslinking rate, a compound containing acryloxy
group or methacryloxy group and allyl group may be
added into the EVA. Such a compound used for this pur-
pose is usually acrylic acid or methacrylic acid deriva-
tive, for example, ester or amide thereof. Examples of
ester residues include alkyl group such as methyl, ethyl,
dodecyl, stearyl, and lauryl and, besides such alkyl
group, cyclohexyl group, tetrahydrofurfuryl group, ami-
noethyl group, 2-hydroxyethyl group, 3-hydroxypropyl
group, and 3-chloro-2-hydroxypropyl group. Ester with
polyfunctional alcohol such as ethylene glycol, triethyl-
ene glycol, polyethylene glycol, trimetylolpropane, or
pentaerythritol may be also employed. The typical
amide is diacetone acrylamide.
[0064] More concretely, examples include com-
pounds containing polyfunctional ester such as acrylic
ester or methacrylate such as trimetylolpropane, pen-
taerythritol and glycerin, or allyl group such as triallyl cy-
anurate, triallyl isocyanurate, diallyl phthalate, diallyl
isophthalate, and diallyl maleate. These are used alone
or in the mixed state, normally from 0.1 to 2 parts by
weight, preferably from 0.5 to 5 parts by weight per 100
parts by weight of EVA.
[0065] When the EVA is crosslinked by light, photo-
sensitizer is used instead of the above peroxide, in an
amount of normally 5 parts by weight or less, preferably
from 0.1 to 3.0 parts by weight per 100 parts by weight
of EVA.
[0066] In this case, examples of available photosen-
sitizer include benzoin; benzophenone; benzoin methyl
ether; benzoin ethyl ether; benzoin isopropyl ether; ben-
zoin isobutyl ether; dibenzyl; 5-nitroacenaphthene; hex-
achlorocyclopentadiene; p-nitrodiphenyl; p-nitroaniline;
2,4,6-trinitroaniline; 1,2-benzanthraquinone; and 3-me-
thyl-1,3-diaza-1,9-benzanthrone. These can be used ei-
ther alone or in the mixed state.
[0067] In this case, silane coupling agent may be fur-
ther used as adhesive accelerator. Examples of the si-
lane coupling agent include vinyltriethoxysilane, vinyl-
tris (β-methoxyethoxy) silane, γ-methacryloxypropyl tri-
methoxy silane, vinyltriacetoxy silane, γ-glycidoxypro-
pyltrimetoxysilane, γ-glycidoxypropyltrietoxysilane,
β-(3,4-epoxycyclohexyl) ethyl trimethoxy silane, γ-chlo-
ropropyl methoxy silane, vinyltrichlorosilane, γ-mercap-
topropyl trimethoxy silane, γ-aminopropyl triethoxy si-
lane, and N-β-(aminoethyl)-γ-aminopropyl trimethoxy
silane.
[0068] These are used alone or in the mixed state,
normally from 0.001 to 10 parts by weight, preferably
from 0.001 to 5 parts by weight per100 parts by weight
of EVA.
[0069] It is preferable that the PVB resin contains pol-
yvinyl acetal between 70 and 95% by unit weight and
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polyvinyl acetate between 1 and 15% by unit weight, and
has an average degree of polymerization between 200
and 3000, preferably 300 and 2500. The PVB resin is
used as resin composition containing plasticizer.
[0070] Examples of plasticizer in the PVB resin com-
position include organic plasticizers, such as monobasic
acid ester and polybasic acid ester, and phosphoric acid
plasticizers.
[0071] Preferable examples of such monobasic acid
ester are ester as a result of reaction of organic acid,
such as butyric acid, isobutyric acid, caproic acid,
2-ethylbutyric acid, heptoic acid, n-octylic acid, 2-ethyl-
hexylic acid, pelargonic acid (n-nonylic acid), or decylic
acid, and triethylene glycol and, more preferably, are tri-
ethylene-di-2-ethylbthyrate, triethylene glycol-di-
2-ethylhexoate, triethylene glycol-di-caproate, and tri-
ethylene glycol-di-n-ocotoate. Ester of one of the above
organic acids and tetraethylene glycol or tripropylene
glycol may be also employed.
[0072] Preferable examples of plasticizers of polyba-
sic acid ester group are ester of organic acid, such as
adipic acid, sebacic acid, or azelaic acid, and straight
chain like or brunch like alcohol with from 4 to 8 carbon
atoms and, more preferably, are dibutyl sebacate, dioc-
tyl azelate, and dibutyl carbitol adipate.
[0073] Examples of phosphoric acid plasticizers in-
clude tributoxyethyl phosphate, isodecyl phenyl phos-
phate, and tri-isopropyl phosphate.
[0074] Insufficient plasticizer in the PVB resin compo-
sition reduces the film-forming property, while excessive
plasticizer spoils the durability during high temperatures
Therefore, the amount of plasticizer in the PVB resin
composition is between 5 and 50 parts by weight, pref-
erably between 10 and 40 parts by weight, per 100 parts
by weight of polyvinyl butyral resin.
[0075] The resin composition of the intermediate ad-
hesive layers may further include, in small amounts, sta-
bilizer, antioxidant, ultraviolet absorbing agent, infrared
absorbing agent, age resistor, paint processing aid, and/
or coloring agent for preventing degradation. If neces-
sary, it may still further include, in small amounts, filler
such as carbon black, hydrophobic silica and calcium
carbonate.
[0076] It is also effective that the intermediate adhe-
sive layers in sheet condition are surfaced by corona
discharge process, low temperature plasma process,
electron beam irradiation process, or ultraviolet irradia-
tion process as measures of improving the adhesive
property.
[0077] The intermediate adhesive layers can be man-
ufactured, for example, by first mixing the EVA or PVB
and the additives listed above, kneading them by an ex-
truder or a roll, and after that, forming in a predetermined
configuration by means of a film forming method such
as calendaring, rolling, T-die extrusion, or inflation. Dur-
ing the film formation, embossing is provided for pre-
venting the blocking between sheets and facilitating the
deaerating during compressed onto the transparent

substrate or the front board of the PDP.
[0078] For example, in the display panel 1 shown in
Fig. 1, intermediate adhesive layers 4A, 4B are used
which are formed by molding as mentioned. The trans-
parent conductive film 5 is sandwiched between the in-
termediate adhesive layers 4A, 4B to form an adhesive
film. This adhesive film is interposed between the trans-
parent film 2 on which the conductive pattern 3 is previ-
ously formed and the PDP 20. After pre-compression
bonding by deaerating them in vacuumed and warmed
conditions, they are heated or radiated with light to hard-
en the adhesive layers so as to form an integrated unit.
In this manner, the display panel 1 is made.
[0079] The intermediate adhesive layers 4A, 4B are
molded to have thickness from 1µm to 1 mm so as to
prevent the thickness of the adhesive layer from being
too thick.
[0080] After the transparent film 2, the transparent
conductive film 5, and the PDP 20 are integrated, a con-
ductive adhesive tape 7 is wound around the periphery
of the integrated unit to fix the margins and then is fixed
by the hardening method of the conductive adhesive
tape 7 such as contact bonding in heated condition.
[0081] In this embodiment, the conductive adhesive
tape 7 adheres to all around the peripheral ends of the
integrated unit of the transparent film 2, the transparent
conductive film 5, and the PDP 20 and also adheres to
outer edges of both surfaces of the integrated unit, i.e.
outer edges of the front surface of the transparent film
2 and outer edges of the rear surface of the PDP 20.
However, it is not limited thereto.
[0082] The conductive adhesive tape 7 is formed, for
example, by laying a conductive adhesive layer 7B on
one surface of a metal foil 7A. The metal foil 7A for the
conductive adhesive tape 7 may be made of metal such
as copper, silver, nickel, aluminum, or stainless steel,
having a thickness of 1µm to 100µm.
[0083] The conductive adhesive layer 7B is formed by
applying adhesive material, in which conductive parti-
cles are dispersed, onto one surface of the metal foil 7A.
[0084] Examples of the adhesive material include
epoxy or phenolic resin containing hardener, acrylic ad-
hesive compound, rubber adhesive compound, silicone
adhesive compound and the like.
[0085] Conductive materials of any type having good
electrical conductivity may be employed as the conduc-
tive particles to be dispersed in the adhesive. Examples
include metal powder of, for example, copper, silver, and
nickel, metal oxide powder of, for example, tin oxide, tin
indium oxide, and zinc oxide, and resin or ceramic pow-
der coated with such a metal or metal oxide as men-
tioned above. There is no specific limitation on its con-
figuration so that the particles may have any configura-
tion such as scale-like, dendritic, granular, pellet-like,
spherical, stellar, or confeito-like (spherical with many
projections) configuration.
[0086] The content of the conductive particles is pref-
erably 0.1-15% by volume relative to the adhesive and
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the average particle size is preferably 0.1-100µm.
[0087] The thickness of the adhesive layer 7B is in a
range from 5 to 100µm in a normal case.
[0088] In order to ensure the electrical conductivity
between the conductive adhesive tape 7, the conductive
pattern 3, and the transparent conductive film 5, a con-
ductive tape is preferably provided around the periphery
of the transparent film 2, on which the conductive pattern
3 is formed, and the periphery of the transparent con-
ductive film 5 to outwardly extend from the peripheries
and the extending portion of the conductive tape is
bonded to the sides of the integrated unit with the con-
ductive adhesive tape 7 so as to provide a conductive
parts.
[0089] In this manner, the display panel 1 with the con-
ductive adhesive tape 7 can be simply and easily built
in a body of equipment just by inlaying in the body of
equipment. In addition, good electrical conductivity be-
tween the conductive pattern 3 and the body of equip-
ment can be provided uniformly along the circumferen-
tial direction through the conductive adhesive tape 7.
Therefore, good electromagnetic-wave shielding effi-
ciency can be obtained.

INDUSTRIAL APPLICABILITY

[0090] As described in detail, according to the present
invention, by integrating a display panel such as a PDP
and a transparent film on which a conductive pattern is
formed, electromagnetic-wave shielding property is im-
parted to the display panel itself, thereby lightening its
weight, making its thickness thinner, reducing the
number of parts, and thus improving the productivity and
reducing the cost. In addition, it can prevent the mal-
function of a remote controller.
[0091] By utilizing a transparent film on which a con-
ductive pattern in a lattice form with narrower line width
and greater open area ratio is formed, desired electro-
magnetic-wave shielding property and excellent light
transmission properties are obtained and the moire phe-
nomenon is prevented, thus providing distinct pictures.
[0092] According to the present invention, an electro-
magnetic-wave shielding and light transmitting plate can
be easily manufactured which has a conductive pattern
in mesh form with narrower line width and greater open
area ratio.

Claims

1. A display panel comprising:

a display panel body;
a transparent film disposed on the front surface
of the display panel body; and
a conductive pattern formed on the transparent
film,

said conductive pattern being a mesh-like pat-
tern composed of a vapor plated layer or a liquid
phase plated layer.

2. A display panel as claimed in claim 1, wherein the
conductive pattern has a line width of 50µm or less.

3. A display panel as claimed in claim 2, wherein the
line width of the conductive pattern is in a rage from
10µm to 30µm.

4. A display panel as claimed in any one of claims 1
through 3, wherein the mesh-like pattern has an
open area ratio of 75 % or more.

5. A display panel as claimed in claim 4, wherein the
open area ratio is in a range from 75 % to 85 %.

6. A display panel as claimed in any one of claims 1
through 5, wherein the conductive pattern has a
thickness from 10µm to 50µm.

7. A display panel as claimed in any one of claims 1
through 6, wherein the display panel body is a plas-
ma display panel.

8. A method of manufacturing an electromagnetic-
wave shielding and light transmitting plate, compris-
ing:

a step of forming dots of material which is sol-
uble in a solvent on a film;
a step of forming a conductive material layer of
material which is insoluble in the solvent on the
film; and
a step of removing the dots and the conductive
material layer on the dots by bringing the film
in contact with the solvent.

9. A method of manufacturing an electromagnetic-
wave shielding and light transmitting plate as
claimed in claim 8, wherein the solvent is water.

10. A method of manufacturing an electromagnetic-
wave shielding and light transmitting plate as
claimed in claim 9, wherein the material which is sol-
uble in the solvent is water soluble high molecular
material.

11. A method of manufacturing an electromagnetic-
wave shielding and light transmitting plate as
claimed in claim 10, wherein the water soluble high
molecular material is polyvinyl alcohol.

12. A method of manufacturing an electromagnetic-
wave shielding and light transmitting plate as
claimed in any one of claims 8 through 11, wherein
the dots are formed by printing.
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13. A method of manufacturing an electromagnetic-
wave shielding and light transmitting plate as
claimed in any one of claims 8 through 12, wherein
the conductive material layer is formed by vapor
plating or liquid phase plating.

14. A method of manufacturing an electromagnetic-
wave shielding and light transmitting plate as
claimed in any one of claims 8 through 12, wherein
the conductive material layer is formed by applying.

15. A method of manufacturing an electromagnetic-
wave shielding and light transmitting plate as
claimed in any one of claims 8 through 14, wherein
a conductive material pattern in lattice form having
an open area ratio of 75 % or more is formed by the
removal of the dots and the portions of the conduc-
tive material layer on the dots.
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